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SUMMARY
Soils were characterized with respect to the rates of biological
processes important to N leaching considerations.
Nitrification was
shown to be a relatively fast process which was related to temperature
and moisture content conditions.
The cross product of temperature K
water content was particularly important.
A regression equation in—
cluding these environmental factors was derived for several groups of
soils, depending largely on textural differences.
Mineralization was particularly influenced by environmental fac—
tors (temperature and moisture cOntent) when soil (ZC, ZN, pH, etc.)
and environmental factors were considered.
An estimate of the amount
of N produced by mineralization under field conditions suggested con—
siderable N released, depending on the soil type.
More precise calcu—
lations would need detailed knowledge of field conditions of moisture
and temperature and applying the relationships derived in this study
to these conditions.
Incorporation of plant residues alters the mi—
neralization-immobilization pattern in soils considerably and is de—
pendent on the content of the plant material.
Material with a low
percentage N results in net immobilization
of N.
Organic amendments
must be considered in the long term for N considerations because of
changing mineralization—immobilization relationships.
Denitrification can progress very quickly if warm anaerobic con-
ditions are met.
The rates suggest that short but quantitatively
large bursts of denitrification may be important in N03 losses and
these may occur during or immediately after rains.
Calculation of
field significance will dapend on detailed knowledge of field moisture
and temperature conditions.
Asymbiotic N fixation does not appear to be an important source
of N in these soils.
Mineralization and denitrification appear to be two key processes
to
consider
in addition
to
soil
N leaching.
  
INTRODUCTION
The objective of this study was to characterize N transformation
rates in a variety of soil types and horizons using laboratory incuba~
tion conditions and to evaluate how these conditions influence the
rates. Biological transformations influence the sources and sinks of
NO-
-N
to
the
gro
und
wat
er.
The
se
rat
es
are
vie
wed
as
pro
vid
ing
inf
orm
-
ation for a mathematical model of N transport and transformation in the
unsaturated soil zone in order to contribute to an understanding of the
N storage and release characteristics of selected agricultural soils in
the watersheds.
DATA COLLECTION METHODS
 
Soils
Soils were from three (3) watersheds (#1, #5 and #13) and comprised
thirty—one (31) samples. The soils from watersheds 1 and 13 correspond
to plot areas of Project 13 (Cameron et al., 1977. Nitrogen Movement in
Tile—Drained Clay and Sandy Agricultural Watersheds. Final Report on
Project 13, Agricultural Watershed Studies, Task C (Canadian Section)
Activity 1, International Reference Group on Great Lakes Pollution from .
Land Use Activities. I.J.C.) and included surface and subsurface samples,
as well as samples from a similar area taken at two different times (spring
vs. fall). The soils from watershed #1 are Brookston clay and from watershed
#ﬂ3 are Berrien sand and were sampled in the spring and fall of 1975. Only
surface soils were sampled from watershed #5, and they represent five (5)
distinct soils (Table 1). All were sampled on September 9, 1975. Some
characterizing analyses are given for all the samples (Table 2).
Sample Code Designation
Samples are identified by numbers and/or letters and can be catego—
rized into two main groups. Those with a 2 number code (eg. 1-1, 2—1,
1-3, etc.) designate samples from plot studies (Cameron - Project 13).
The first digit designates the plot number (i.e. there are six (6) plots
numbered 1, 2, ..... 6). The second digit designates the horizon depths
which are as follows:
1 0—10 Cm
2 10-20 cm
3 20-30 Cm
4 30-45 cm
5 45-60 cm
6 60—75 cm
7 75-90 cm
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In four cases,
the 2 number code is followed by a letter
(eg. 2-l-b)
and this letter (b) designates a second sampling date,
to evaluate
how sampling time affects the results.
Samples designated by
N—S
aresamples from watershed 5.
All samples
are surfacesamples to a depth of 25 cm (except N—S/l which is to 20 cm).
The
third
digit
denotes
the
soil
within
the
watershed.
Incubation Systems
1) "Aerobic" incubations for:
a)
Nitrification
and
Mineralization
Soil samples were incubated using combinations of addi—
tion
and no
addition of
(NHZ)ZSO4
for
twenty—one
(21)
days at 30% and 75% to field capacity water content at
4°,
15° and 30°C temperatures.
The level of (NHZ)ZSO4
addition was
80ug NHZLN/g soil.
Field capacity mois—
ture content was taken to be 100 cm water tension, per-
formed on a water tension table apparatus.
Extraction
of inorganic N was done using a sequential extraction
using first 0.005 M CaC12 then 2N KCl
(1:4 soil weight
to extractant volume) for i hr., centrifuged, and solu-
tion filtered and analysed for NH —N
andNO§-N using
autoanalyser.
By operational definition, the CaClZ ex—
tracts all the NO§—N plus all the soluble NH4—N.
The
KCl extracts the exchangeable NHZPN.
Corrections for
carry—over of soluble NHZFN and Nog—N were
madeusing
a weighing
technique.
The samples were extracted im-
mediately after addition of solution (to bring the soil
to required water content and N addition ) and after 5,
l4 and 21 days of incubation. Sufficient 5 g samples
were prepared to allow incubation and extraction, in du-
plicate, at each time and with each combination of tem-
perature, water content, and (NHJ)ZSO4 addition. The
incubation vessels were closed but aerated every two (2)
to three
(3) days throughout the incubation period to
restrict water loss and maintain aerated conditions.
After preliminary trials, some of the incubations were
simplified by eliminating the analysis on the fifth day of
the incubation, since it was too close to the initial
burst of activity after wetting the air dry samples.
Also only a KCl extraction was used, eliminating the
CaClz extraction, resulting in bulking soluble and ex-
changeable NHI—N into a single extractable fraction.
b)
Mineralization
of
Plant
Material
Plant material (finely ground) was added to Berrien
and Brookston soil samples (equal mixtures of 2-1
and 2—2, and 5—1 and 5-2, respectively) taken to field
capacity moisture content and incubated at 30C. Incu—
bation was in beakers, covered with parafilm, having
small aeration holes, and moisture maintained by wei-
ghing and water additions. The soil was sampled at
days 0, 15, 30 and 60 for inorganic nitrogen analyses.
  
Pla
nt
mat
eri
als
add
ed
to
the
soi
ls
wer
e f
rom
the
fie
ld
plo
ts
and were added at a rate corresponding to harvest of dry
mat
ter
(i.e
. 3
20,
143
0,
179
0 a
nd
537
0 m
g/1
00
g.
soi
l,
usi
ng
rye,
soy
bea
n,
whe
at
and
cor
n r
esp
ect
ive
ly)
.
Nit
rog
en
con
ten
t
of
the
se
mat
eri
als
wer
e 2
.32
, 2
.58
, 1
.18
and
0.9
9%
for
rye
,
soybean, wheat and corn respectively.
2) "Anaerobic" incubations for:
a)
b)
Denitrification
Soi
l
sam
ple
s
wer
e
inc
uba
ted
usi
ng
com
bin
ati
on
of,
add
iti
on
and no addition of NH4NO3 for five (5) days at 75%, 100%
and 120% of saturation water contents at 4 , 150 and 300
tem
per
atu
res
(C).
The
lev
el
of
NH4
N03
add
iti
on
was
80u
g
NOE
—N/
g s
oil
and
80u
g N
H4—
N/g
soi
l.
No
oth
er
ame
ndm
ent
s
wer
e m
ade
so
the
den
itr
ifi
cat
ion
pro
ces
s w
as
dep
end
ent
on
nut
rie
nts
and
ene
rgy
sou
rce
s i
nhe
ren
t i
n t
he
soi
l s
amp
le.
Sat
ura
tio
n w
ate
r c
ont
ent
was
det
erm
ine
d b
y a
ddi
ng
wat
er
in
small measured increments to a know weight of soil to a
point just before free water was evident. Extraction of
inorganic N was with 2N KCl (1:4 soil weight to extractant
volume) for % hour,fi1tered and analysed for NHZ—N and
NO§—N using autoanalyser. The samples were extracted
imm
edi
ate
ly
aft
er
add
iti
on
of
sol
uti
on
(to
bri
ng
the
:so
il
to
req
uir
ed
wat
er
con
ten
t a
nd
lev
el
of
N a
dde
d)
and
aft
er
two
(2)
and
fiv
e (
5)
day
s i
ncu
bat
ion
.
Suf
fic
ien
t 5
g s
amp
les
wer
e p
rep
are
d t
o a
llo
w i
ncu
bat
ion
and
ext
rac
tio
n i
n d
upl
ica
te
at each time and with each combination of temperature,
water content and NH4NO3 addition. Incubation vessels were
clo
sed
thr
oug
h t
he
per
iod
to
res
tri
ct
wat
er
loss
.
Lab
ora
tor
y
tes
ts
sho
wed
tha
t c
los
ing
or
lea
vin
g t
he
ves
sel
s o
pen
mad
e
no difference on the N analysis, therefore for convenience
the closed system was used. No other control of the gas
phase was made. After several trials, the incubations were
str
eam
lin
ed
by
inc
lud
ing
onl
y o
ne
moi
stu
re
con
ten
t (
sat
ura
tio
n).
Asymbiotic N fixation
The incubation system was similar to the denitrification
experiments, except that no N treatments were included and
only one combination of moisture content (saturation) and
temperature (30C) was used. Inorganic nitrogen and N fixation
was
mea
sur
ed
by
the
abi
lit
y o
f t
he
sys
tem
to
con
ver
t a
cet
yle
ne
to ethylene over a three—day period.
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Inorganic
N
analyses:
NHZ-N
and
Nog—N
were
analysed
by
autoanalyser
using
a
distillation
step
(Keay,
J.
and
P.M.A.
Menage,
1970,
Analyst
95:279—382;
Quinn
J.R.,
J.G.A.
Boisvert
and
I.
Wood,
1974,
Anal.
Biochem.
58:609—614).
Presence
or
absence
of
N05
was
first
determined
by
spot
test
and
if
present,
quantitative
analysis
was
determined
by
modified
Greiss—Ilosvay
color
reaction
(Bremner,
J.M.,
1965,
Inorganic
forms
of
nitrogen
IE
Methods
of
Soil
Analysis
Part
2
Chemical
and
Microbiological
Properties,
Agronomy
Series
No.
9
Amer.
Soc.
Agron.
Madison pp. 1219—1224).
 
EXPERIMENTAL RESULTS
The
results
of
the
incubation
experiments
designed
to
examine
rates
of
mineralization
and
nitrification
in
watershed
soils
are
shown
in
Table
3.
Besides
giving
information
on
rates,
the
results
provide
some
information
on
other
processes
such
as
adsorption
and
fixation
of
NHZLN.
Plotting
soluble
and
exchangeable
NHZ-N
values
on
a
log-log
scale,
a
straight
line
relationship
was
perceived.
Distinct
relation-
ships
were
evident
for
the
clay
and
sandy
loam
soils
from
watersheds
#1
and
#13.
The
following
relationships
were
derived
for
soil
2—1
(sandy
loam)
and
soil
4-1
(clay)
respectively:
1" _ .. 0.58
(NH4—N)
ex
-
6.8
[(NHA—N)
sol]
(1)
ch.
1
.
6
[
(
N
H
Z
—
N
)
sci]
0
‘
7
6
(2)
+_
(NH4 N) exch.
The
relationship
shows
that
a
much
larger
proportion
of
the
NHZ—N
goes
on
to
the
exchange
sites
in
the
clay
than
in
the
sandy
loam
soils.
This
reflects
the
available
cation
exchange
sites.
This
means
a
much
greater
potential
of
leaching
NHZ¥N
in
sandy
loam
soils
than
in
clay
soils
or
more
precisely
in
soils
of
low
cation
exchange
than
with
high
cation
ex—
change.
The
Brookston
clay
soils
contain
a
large
quantity
of
fixed
NHZ;N
and
the
Berrien
sandy
loam
soils
contain
smaller
but
measureable
amounts
(Table
2).
Since
NHJFN
was
added
to
the
soils
in
the
mineralization—
nitrification
incubations
and
extracted
immediately,
the
ability
of
the
samples
to
fixed
NHZ—N
can
be
assessed.
Table
4
shows
that
negligible
amounts
of
NHZ—N
was
fixed
in
the
Berrien
sandy
loam,
whereas
the
Brook-
ston
clay
showed
some
fixation
in
the
subsoils.
Small
to
negligible
amounts
were
fixed
in
the
surface,
possibly
showing
that
the
fixation
sites
are
almost
completely
saturated
by
fertilization,
etc.
Soils
from
watershed
#5
showed
low
to
negligible
ability
to
fix
Nﬂth.
Nitrification
Nitrification
is
the
oxidation
of
NHZ—N
to
NO§—N,
which
in
soils,
is
mediated
by
micro—organisms.
Although
it
has
long
been
recognized
that
this
is
a
two
step
process
(NH19N0§+N0§)
with
each
step
being
done
by
a
particular
genus
of
autotrophic
bacteria,
the
oxidation
is
often
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vie
wed
as
a s
ing
le
pro
ces
s.
The
ini
tia
l s
tep
(NH
§+N
0 )
is
usu
all
y t
he
rat
e l
imi
tin
g s
tep
and
hen
ce
No—
rar
ely
acc
umu
lat
es
1%
nor
mal
soi
ls
due
to
nit
rif
ica
tio
n.
For
pur
pos
es
of
thi
s s
tud
y,
the
oxi
dat
ion
of
NHZ
-N
will be discussed as a single process.
Nit
rif
ica
tio
n w
as
mea
sur
ed
in
the
se
soi
ls
by
add
ing
a k
now
qua
nti
ty
of N
H —N
(80u
g N/
g so
il)
and
moni
tori
ng c
hang
es i
n ex
trac
tabl
e i
norg
anic
N.
Sim
ult
ane
ous
to
nit
rif
ica
tio
n,
min
era
liz
ati
on
of
org
ani
c N
als
o o
ccu
rs.
The
end
pro
duc
t i
s N
H -
N,
whi
ch
in
turn
, i
s n
itr
ifi
ed.
NH
-N
rar
ely
acc
umu
lat
es
in
a m
ine
ral
izi
ng
soi
l,
(1.6
.)
all
NH
—N
res
ult
ing
fro
m m
ine
r-
aliz
atio
n is
nitr
ifie
d im
medi
atel
y.
The
nitr
ific
atio
n ra
te c
alcu
late
d in
this
expe
rime
nt u
tili
zes
info
rmat
ion
from
the
NH —
N tr
eate
d pl
ots.
NH —
N
was
adde
d on
ly a
t th
e be
ginn
ing
of t
he i
ncub
atio
ns,
henc
e as
the
expe
rime
nt
prog
ress
ed,
the
NH —
N ma
y de
crea
se t
o a
poin
t wh
ere
it b
ecom
es l
imit
ing.
The
rate
of n
itri
fica
tion
can
be c
alcu
late
d ma
ny w
ays,
but
cons
ider
ing
the
prob
abil
ity
of N
H ~N
beco
ming
limi
ting
, a
rate
coef
fici
ent
invo
lvin
g lo
ss
of N
H —N
and g
ain
of N
O'—N
was
used
. T
he a
ctua
l ca
lcul
atio
n as
sume
d a
firs
t or
der
rela
tion
ship
(Cam
eron
, D.
R. a
nd C
.G.
Kowa
lenk
o,
1976
, Ca
n. J
.
Soil Sci., 56: 71-78).
kn- —ln(Nt/No) /t
wher
e kn
: ra
teco
effi
cien
tof
nitr
ific
atio
n (d
ay —
l);
NO:
orig
inal
control NH4-N concentration and
Nt: Ntl + Ntll
2
 
N E= net loss of fertilizer NH —N over time t and N 11 = net gain of
N53—
N du
e to
the
fert
iliz
er N
H —N
adde
d.
By i
nclu
ding
both
the
NO§-
N
gain and NH -N loss results more of the anlytical data was used, thus
increasing the reliability of the calculation. These rate coefficients
were then calculated for 0—14 and14—21 day intervals and the average
of these two gives the accepted rate coefficient.
The rate coefficients calculated in this way are presented in
Table 5. Each soil has six (6) rate coefficents from combinations of
three (3) temperatures (4, 15, 30C) and two (2) moisture contents
(30 and 75% of field capacity). The rate coefficient changes considerably
within a single soil, depending on the moisture and temperature combination.
In a few cases, the rate could not be calculated because there was more
inorganic N than could be accountedfor by'fertilizer N (1.8- mineralization
was higher in fertilized than control samples). The nature of the soil
also influences the coefficient considerably. The surface layers (0-10 and
10—20) ofBerrien sandy loam samples (numbers 1, 2 and 3) had an average
coefficient of 0.010 day '1, with a range of -0.002 to 0.033 day ~land the
corresponding layers of Brookston clay samples (numbers 4, 5 and 6) had
an average coefficient of 0.073 day‘l, with a range of 0.027 to 0.141 day'1
for 15C and 75% of field capacity moisture content, as an example.
Comparison of samples (at 15C and 75% of field capacity) taken.
  
at
two
(2)
different
times
(2-1
and
2—1b,
2-2
and
2—2b,
5—1
and
5-2b)
show
considerable
variation.
Rate
coefficients
for
subsurface
horizons
are lower than surface horizons.
Correlation
coefficients
of
nitrification
rate
coefficients
with
temperature
and
moisture
show
that
the
interaction
between
temperature
(T)
and
moisture
content
(9)
is
the
highest
in
all
the
surface
samples
and
that
a
multiple
correlation
of
all
factors
was
not
very
muchigher
than
the
simple
correlations.
Correlations
among
factors
for
the
Berrien
sandy
loam
are
the
lowest
of
the
three
(3)
groupings
of
soils.
This
relationsip
among
the
environmental
variables
and
the
rate
coefficient
was
similar
to
previous
work
(Cameron,
D.R.
and
C.G.
Kowalenko,
1976,
Can.
J.
Soil
Sci.,
56,
71-78).
The
regression
equation
relating
the
nitrification
rate coefficient
to
environmental
variables
of this
study
are as follows:
Brookston
clay:
k1.l =
10—3(9.9l3
+
0.3845TG
-
3.443T
—
1.06039
(4)
Berrien sandy _3
Loam:
kn
=
10
(1.569
+
0.209T9
—
0.5684T
—
0.67699
(4)
10-3
(—4.515
+
0.4993TG
-
4.3837T
+
0.48110
(6)
N—S kn
These
relationships
are,
in
general,
similar
to
the
previous
study
(Cameron
and
Kowalenko,
1976)
of
an
Ottawa
area
soil
which
was
derived
in
a
slightly
different
way.
That
relationship
was
kn
=
10-3(9.537
+
0.374TG
—
0.545T
—
0.29036)
(7)
Mineralization
Although
in
the
strictest
sense,
mineralization
is
the
conversion
of
organic
N
to
Nﬁz-N,
nitrification
is
so
rapid
that
it
appears
as
NO§-N
instead.
To
measure
mineralization
in
these
samples,
the
accumulation
of
organic
N
in
a
moistened
soil
(no
N
added)
is
taken
as
the
net
mineralization.
"Net"
mineralization
is
used
since
both mineralization
and
immobilization
occur
simultaneously,
and
only
the
net
result
can
be
measured.
As
with
nitrification,
mineralization
rates
can
be
calculated
from
the
results
in a number
of ways.
It was
finally
decided to use a weighted
average
daily
rate.
A
rate
coefficient
was
not
attempted
since
one
must
measure
or
assume
a decline
in organic N.
Organic N
in
a soil
is a complex
component,
with
fractions
having
variable
degrees of availability
toward
mineralization,
making meaningful
measurements
virtually
impossible with
present knowledge.
The weighted
average
rate was
calculated
as follows:
r = .5(N14 4'NZl - 2No)/l7.5
where
r = weighted
daily
rate
of mineralization
GJgN/g
soil/day),
N0
=
initial
inorganic
concentration
QJgN/g),
N14 =
inorganic
N concentration
at
day 14
QJgN/g),
N21
=
inorganic N
concentration
at day 21
(ugN/g)
and
17.5 is the average of 14 and 21 days.
The average rate was weighted in
such manner
to
emphasize
results
of
the later
part
of
the
incubation
period since early in the incubation,
there may have been a flush of
activity
due
to
wetting
an
air
dry
soil.
  
_ g -
Ta
bl
e
7
sh
ow
s
th
e
ca
lc
ul
at
ed
we
ig
ht
ed
av
er
ag
e
da
il
y
ra
te
of
mi
ne
ra
li
za
ti
on
.
As
wi
th
ni
tr
if
ic
at
io
n,
th
e
ra
te
of
mi
ne
ra
li
za
ti
on
is
hi
gh
er
in
th
e
Br
oo
ks
to
n
cl
ay
th
an
in
th
e
Be
rr
ie
n
sa
nd
y
lo
am
,
an
d
in
bo
th
so
il
s,
it
de
cr
ea
se
s
wi
th
de
pt
h.
Un
li
ke
ni
tr
if
ic
at
io
n,
th
e
am
ou
nt
of
th
e
so
ur
ce
ma
te
ri
al
(o
rg
an
ic
N)
is
di
ff
ic
ul
t
to
qu
an
ti
fy
an
d
is
no
t
co
ns
id
er
ed
in
th
e
ra
te
ca
lc
ul
at
io
n
of
mi
ne
ra
li
za
ti
on
(i
.e
.
fo
r
ni
tr
if
ic
at
io
n
NH
Z-
N
is
in
co
rp
or
at
ed
in
to
th
e
ra
te
co
ef
fi
ci
en
t
ca
lc
ul
at
io
n)
.
Fo
r
th
is
re
as
on
,
co
rr
el
at
io
ns
we
re
ex
te
nd
ed
be
yo
nd
ju
st
en
vi
ro
nm
en
ta
l
fa
ct
or
s,
bu
t
al
so
so
il
ch
ar
ac
te
ri
za
ti
on
va
lu
es
(T
ab
le
8)
.
It
is
ev
id
en
t
th
at
co
rr
el
at
io
ns
ar
e
po
or
to
no
n
ex
is
ta
nt
wi
th
ch
ar
ac
—
te
ri
zi
ng
an
al
ys
es
,
bu
t
be
tt
er
wi
th
en
vi
ro
nm
en
ta
l
fa
ct
or
s,
pa
rt
ic
ul
ar
ly
wi
th
mo
is
tu
re
co
nt
en
t
an
d
mo
is
tu
re
co
nt
en
t
x
te
mp
er
at
ur
e.
A
ge
ne
ra
li
za
ti
on
th
at
l
to
3%
of
so
il
N
is
mi
ne
ra
li
ze
d
ye
ar
ly
,
ha
s
of
te
n
be
en
ma
de
(s
ee
Ap
pe
nd
ix
1
p.
xi
x)
.
Us
in
g
th
is
ap
pr
oa
ch
,
th
e
ra
te
of
mi
ne
ra
li
za
ti
on
ca
n
be
ca
lc
ul
at
ed
fo
r
wa
te
rs
he
d
so
il
s
(T
ab
le
9)
.
As
su
mi
ng
th
at
th
e
so
il
ac
ti
ve
ly
mi
ne
ra
li
ze
d
du
ri
ng
15
0
da
ys
(l
at
e
sp
ri
ng
to
ea
rl
y
fa
ll
)
th
en
av
er
ag
e
da
il
y
ra
te
s
wo
ul
d
ra
ng
e
fr
om
0.
06
to
0.
25
ug
N/
g/
da
y.
Ta
bl
e
9
al
so
sh
ow
s
th
e
ve
ry
la
rg
e
po
ol
of
N
in
th
e
su
rf
ac
e
15
cm
of
th
e
so
il
s
an
d
sm
al
l
ch
an
ge
s
in
da
il
y
ra
te
of
mi
ne
ra
li
za
—
ti
on
ca
n
be
a
ve
ry
si
gn
if
ic
an
t
in
or
ga
ni
c
N
so
ur
ce
on
a
ye
ar
ly
ba
si
s.
Th
e
re
su
lt
s
fr
om
th
e
so
il
-p
la
nt
re
si
du
e
in
cu
ba
ti
on
sh
ow
th
e
in
fl
ue
nc
e
of
pl
an
t
re
si
du
e
N
co
nc
en
tr
at
io
n
on
th
e
ne
t
mi
ne
ra
li
za
ti
on
—
im
mo
bi
li
za
ti
on
(T
ab
le
10
).
In
th
e
Br
oo
ks
to
n
cl
ay
,
on
ly
th
e
so
yb
ea
n
re
si
du
e
tr
ea
tm
en
t
re
su
lt
ed
in
ne
t
mi
ne
ra
li
za
ti
on
of
N
re
la
ti
ve
to
th
e
co
nt
ro
l,
bu
t
in
th
e
Be
rr
ie
n
sa
nd
y
lo
am
so
il
,
bo
th
ry
e
an
d s
oy
be
an
.
Co
rn
an
d
wh
ea
t
re
si
du
e
tr
ea
tm
en
ts
re
su
lt
ed
in
ab
ou
t
th
e
sa
me
or
le
ss
ex
tr
ac
ta
bl
e
in
or
ga
ni
c
N
at
60
da
ys
co
mp
ar
ed
wi
th
in
it
ia
l
am
ou
nt
s.
Th
e
so
yb
ea
n
an
d
ry
e
ma
te
ri
al
ha
d
th
e
hi
gh
es
t
N
co
nc
en
tr
at
io
ns
an
d
th
e
wh
ea
t
an
d
co
rn
re
si
du
e
ha
d
th
e
lo
we
st
.
Ad
di
ti
on
of
pl
an
t
re
si
du
e
ap
pe
ar
s
to
en
co
ur
ag
e
ne
t
im
mo
bi
li
za
ti
on
of
N
wh
en
th
e
re
si
du
e
N
co
nc
en
tr
at
io
n
is
re
la
ti
ve
ly
lo
w.
Th
e
N
in
th
e
re
si
du
e
wo
ul
d
pr
ob
ab
ly
be
mi
ne
ra
li
ze
d
af
te
r
lo
ng
er
in
cu
ba
ti
on
s
as
th
e
C/
N
ra
ti
o
is
na
rr
ow
ed
.
Denitrification
Ta
bl
e
11
sh
ow
s
th
e
re
su
lt
s
of
th
e
de
ni
tr
if
ic
at
io
n
in
cu
ba
ti
on
st
ud
y.
Th
e
de
cr
ea
se
in
No
g-
N
wa
s
ta
ke
n
to
be
de
ni
tr
if
ic
at
io
n;
im
mo
bi
li
za
ti
on
wa
s
co
ns
id
er
ed
to
be
mi
ni
ma
l
pa
rt
ic
ul
ar
ly
in
th
e
N
am
en
de
d
sa
mp
le
s
si
nc
e
NH
Z
wa
s
ad
de
d
to
ta
ke
ca
re
of
th
is
pr
oc
es
s.
In
cr
ea
se
s
in
co
nt
ro
l
4-
N+
in
di
ca
te
s
th
at
im
mo
bi
li
za
ti
on
is
no
t
im
po
rt
an
t
ev
en
wh
er
e
ad
di
ti
on
al
NH
q—
N
wa
s
no
t
ad
de
d.
Th
er
e
wa
s
a
fa
ir
ly
de
fi
ni
te
te
mp
er
at
ur
e
ef
fe
ct
,
wi
th
co
ol
te
mp
er
at
ur
es
re
ta
rd
in
g
th
e
NO
S—
N
de
cr
ea
se
co
ns
id
er
ab
ly
.
NO
E-
N
wa
s
me
as
ur
a—
bl
e
on
oc
ca
si
on
an
d
wa
s
as
su
me
d
to
be
a
tr
an
si
en
t
in
te
rm
ed
ia
te
of
de
ni
tr
i—
fi
ca
ti
on
.
Th
e
mo
is
tu
re
co
nt
en
ts
th
at
we
re
us
ed
in
it
ia
ll
y
we
re
sh
ow
n
to
ha
ve
a
ve
ry
sm
al
l
ef
fe
ct
an
d
in
su
bs
eq
ue
nt
in
cu
ba
ti
on
s
of
so
il
s,
on
ly
on
e
mo
is
tu
re
co
nt
en
t
(s
at
ur
at
io
n)
wa
s
us
ed
.
Th
e
su
rf
ac
e
Br
oo
ks
to
n
cl
ay
sa
mp
le
s
ha
d
hi
gh
er
de
ni
tr
if
ic
at
io
n
ac
ti
vi
ty
as
co
mp
ar
ed
wi
th
th
e
sa
nd
ie
r
sa
mp
le
s.
Fi
rs
t
or
de
r
ra
te
co
ef
fi
ci
en
ts
fo
r
de
ni
tr
if
ic
at
io
n-
(s
ee
St
an
fo
rd
g£
_§
l
19
75
,
S.
S.
S.
A.
P.
,
39
,
28
4—
28
9)
we
re
ca
lc
ul
at
ed
as
fo
ll
ow
s:
R
D
t
=
-
1
n
(
N
t
/
N
o
)
/
t
(9
)
 _ 9 _
where
RDt
=
denitrification
rate
coefficient
at
a
given
time,
t
=
time,
Nt
and
No
N05
+
NOE
concentrations
at
times
t
and
zero,
respectively.
The
rate
coefficients
are
shown
in
Table
12.
In
several
instances,
a
value
could
not
be
recorded
since
no
N03
nor
NOELN
was
present
resulting
in
equation
(9)
becoming
m
which
is
unrealistic.
These
occur
only
in
the
control
incubations
where
original
N03;N
available
for
denitrifica-
tion was low.
Correlations
of
denitrification
rate
coefficients
of
fertilized
surface
samples
with
the
temperature
of
incubation
were
0.51,
0.77
and
0.91
for
Berrien
sandy
loam,
Brookston
clay
and
N—5
soils,
respectively.
Similar
correlations
with
the
water
content
were
verylow
(i.e.
0.07
to
0.30).
This
suggests
that
temperature
has
a
definite
influence
on
the
rate
coefficient,
but
the
water
content
does
not.
The
low
correlation
with
water
content
was
expected,
since
the
water
content
would
be
adequate
for
microbial
activity
and
functions
more
as
an
agent
to
encourage
anaerobic
conditions.
Correlations
of
rate
coefficient
with
ZC,
ZN
and
glucose
-C
were
low
(less
than
0.24).
Glucose
-C
has
been
related
to
denitrification
rates
in
other
studies
(Burford,
J.R.
and
J.M.
Bremner,
1975.
Soil
Biol.
Biochem.
7,
389—394;
Stanford,
G.,
R.A.
Vander
P01
and
S.
Dzienia,
1975.
Soil
Sci.
Soc.
Am.
Proc.
39,
284-289)
and
this
diffe—
rence
may
be
due
to
the
range
of
samples
used
in
the
study
and/or
includ-
ing
a
wide
range
of
temperature
conditions
in
the
rate
coefficient
calculation
making
environmental
variables
the
overriding
factors.
Nitrogen Fixation
Asymbiotic
N
fixation
is
one
possible
mechanism
for
N
gain
to
the
soil
and
it
was
not
known
how
important
the
process
is.
The
process
requires
anaerobic
conditions,
therefore,
the
water
saturated
conditions
of
denitrification
incubations
were
employed
to
explore
a
maximum
potential
rate.
It
is
known
that
excess
inorganic
N
often
retards
the
process,
hence
the
incubation
study
for
N
fixation
was
extended
such
that
denitrification
could
"strip
away"
any
NO§-N
and
subsequently
encour-
age
N
fixation.
Table
13
shows
that
representative
soils
and
depths
of
these
soils
have
very
low
asymbiotic
N
fixation
potential.
N
fixation
rate
is
shown
as
g
ethylene
produced
/g
soil/day
and
to
convert
this
to
N2
fixation,
the
theoretical
C2H2/N2
conversion
is
around
3
(Hardy,
R.W.F.,
R.C.
Burns
and
R.D.
Holsten,
1973.
Soil
Biol.
Biochem.
5,
47-81),
therefore,
N2
fixation
appears
to
be
rather
minor
input
of
N.
Denitrifi—
cation
effectively
reduced
the
NOE—N
content,
but
this
reduction
did
not
appear
to
increase
the
rate
of
N
fixation.
Time
of
original
field
sampling
(eg.
2-1
vs.
2-l-b
and
5-1
vs.
5-l—b)
did
not
significantly
affect
the
results.
'
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A
l
t
h
o
u
g
h
i
n
t
h
e
B
e
r
r
i
e
n
s
a
n
d
y
l
o
a
m
s
a
m
p
l
e
s
,
t
h
e
r
e
i
s
p
o
t
e
n
t
i
a
l
f
o
r
N
H
Z
—
N
l
e
a
c
h
i
n
g
b
e
c
a
u
s
e
o
f
a
r
e
l
a
t
i
v
e
l
y
h
i
g
h
p
r
o
p
o
r
t
i
o
n
o
f
s
o
l
u
b
l
e
N
H
Z
-
N
,
t
h
e
r
e
l
a
t
i
v
e
l
y
l
o
w
r
a
t
e
o
f
n
i
t
r
i
f
i
c
a
t
i
o
n
w
o
u
l
d
l
i
m
i
t
m
o
v
e
m
e
n
t
t
o
t
h
e
N
0
§
-
N
f
o
r
m
.
F
i
x
a
t
i
o
n
o
f
a
d
d
e
d
N
H
q
—
N
o
c
c
u
r
e
d
o
n
l
y
i
n
s
u
b
s
u
r
f
a
c
e
s
a
m
p
l
e
s
o
f
t
h
e
B
r
o
o
k
s
t
o
n
c
l
a
y
,
t
h
i
s
p
r
o
c
e
s
s
w
o
u
l
d
n
o
t
b
e
p
a
r
t
i
c
u
l
a
r
l
y
i
m
p
o
r
t
a
n
t
i
n
N
l
e
a
c
h
i
n
g
c
o
n
s
i
d
e
r
a
t
i
o
n
s
.
N
i
t
r
i
f
i
c
a
t
i
o
n
w
a
s
r
e
l
a
t
i
v
e
l
y
h
i
g
h
i
n
m
o
s
t
s
u
r
f
a
c
e
s
a
m
p
l
e
s
s
t
u
d
i
e
d
,
w
h
i
c
h
w
o
u
l
d
r
e
s
u
l
t
i
n
N
H
Z
—
N
b
e
i
n
g
p
r
e
s
e
n
t
i
n
n
e
g
l
i
g
i
b
l
e
q
u
a
n
t
i
t
i
e
s
i
n
t
h
e
s
e
s
o
i
l
s
e
x
c
e
p
t
f
o
r
s
h
o
r
t
p
e
r
i
o
d
s
a
f
t
e
r
l
a
r
g
e
N
B
A
—
N
a
d
d
i
t
i
o
n
s
.
T
h
e
v
e
r
y
l
a
r
g
e
p
o
o
l
o
f
o
r
g
a
n
i
c
N
c
o
n
t
a
i
n
e
d
i
n
t
h
e
s
u
r
f
a
c
e
h
o
r
i
z
o
n
o
f
t
h
e
s
o
i
l
s
(
s
e
e
T
a
b
l
e
9)
i
s
a
p
o
t
e
n
t
i
a
l
s
o
u
r
c
e
f
o
r
N
l
e
a
c
h
i
n
g
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
.
M
i
n
e
r
a
l
i
z
a
t
i
o
n
i
s
t
h
e
p
r
o
c
e
s
s
t
h
a
t
r
e
l
e
a
s
e
s
t
h
e
N
,
w
h
i
c
h
i
s
q
u
i
c
k
l
y
n
i
t
r
i
f
i
e
d
t
o
N
O
S
—
N
(
w
h
i
c
h
i
s
v
e
r
y
m
o
b
i
l
e
)
.
E
n
v
i
r
o
n
m
e
n
t
a
l
f
a
c
t
o
r
s
a
r
e
p
a
r
t
i
c
u
l
a
r
l
y
i
m
p
o
r
t
a
n
t
i
n
i
n
f
l
u
e
n
c
i
n
g
t
h
e
r
a
t
e
o
f
t
h
i
s
p
r
o
c
e
s
s
.
T
h
e
a
v
e
r
a
g
e
d
a
i
l
y
r
a
t
e
s
o
f
n
e
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
m
e
a
s
u
r
e
d
a
t
1
5
0
C
a
n
d
7
5
%
o
f
f
i
e
l
d
c
a
p
a
c
i
t
y
m
o
i
s
t
u
r
e
c
o
n
t
e
n
t
w
e
r
e
0
.
1
0
4
3
,
0
.
7
6
4
5
a
n
d
1
.
3
3
0
9
U
g
N
/
g
f
o
r
B
e
r
r
i
e
n
s
a
n
d
y
l
o
a
m
,
B
r
o
o
k
s
t
o
n
c
l
a
y
a
n
d
N
—
5
s
u
r
f
a
c
e
s
a
m
p
l
e
s
,
r
e
s
p
e
c
t
i
v
e
l
y
.
I
f
t
h
e
s
e
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
o
n
a
v
e
r
a
g
e
p
r
e
v
a
i
l
e
d
f
o
r
1
5
0
d
a
y
s
i
n
t
h
e
f
i
e
l
d
,
a
p
p
r
o
x
i
m
a
t
e
l
y
3
6
,
2
5
8
a
n
d
4
4
8
k
g
N
/
h
a
w
o
u
l
d
b
e
r
e
l
e
a
s
e
d
o
v
e
r
t
h
e
s
u
m
m
e
r
s
e
a
s
o
n
(
i
.
e
.
e
n
t
i
r
e
y
e
a
r
)
.
T
h
i
s
c
a
l
c
u
l
a
t
i
o
n
o
f
N
r
e
l
e
a
s
e
o
v
e
r
a
y
e
a
r
i
s
m
u
c
h
h
i
g
h
e
r
t
h
a
n
u
s
i
n
g
t
h
e
1
%
o
f
t
h
e
t
o
t
a
l
N
i
n
t
h
e
s
o
i
l
.
I
n
c
o
r
p
o
-
r
a
t
i
o
n
o
f
p
l
a
n
t
r
e
s
i
d
u
e
s
w
i
l
l
a
l
t
e
r
t
h
e
r
a
t
e
o
f
m
i
n
e
r
a
l
N
r
e
l
e
a
s
e
d
e
p
e
n
d
i
n
g
t
o
a
l
a
r
g
e
d
e
g
r
e
e
o
n
t
h
e
n
a
t
u
r
e
o
f
t
h
e
r
e
s
i
d
u
e
.
M
a
t
e
r
i
a
l
r
e
l
a
t
i
v
e
l
y
h
i
g
h
Z
N
(
e
.
g
.
l
e
g
u
m
e
r
e
s
i
d
u
e
s
o
r
g
r
e
e
n
m
a
n
u
r
e
m
a
t
e
r
i
a
l
s
)
w
o
u
l
d
e
n
c
o
u
r
a
g
e
h
i
g
h
e
r
a
m
o
u
n
t
s
o
f
m
i
n
e
r
a
l
i
z
a
t
i
o
n
.
T
h
e
r
a
t
e
o
f
t
h
i
s
p
r
o
c
e
s
s
m
u
s
t
b
e
p
u
t
i
n
t
o
c
o
n
t
e
x
t
o
f
o
t
h
e
r
p
r
o
c
e
s
s
e
s
(e
g.
p
l
a
n
t
u
p
t
a
k
e
a
n
d
d
e
n
i
t
r
i
f
i
c
a
t
i
o
n
)
a
n
d
p
r
o
b
a
b
l
y
m
o
r
e
d
e
t
a
i
l
o
f
r
a
t
e
s
o
f
t
h
e
s
e
p
r
o
c
e
s
s
e
s
c
o
n
s
i
d
e
r
e
d
o
v
e
r
s
e
a
s
o
n
a
l
c
h
a
n
g
i
n
g
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
a
r
e
n
e
e
d
e
d
t
o
d
e
t
e
r
m
i
n
e
t
h
e
f
a
t
e
o
f
t
h
e
N
i
n
t
h
e
s
o
i
l
.
A
l
i
t
e
r
a
t
u
r
e
r
e
v
i
e
w
o
f
r
a
t
e
s
o
f
p
r
o
c
e
s
s
i
s
p
r
e
s
e
n
t
e
d
(
A
p
p
e
n
d
i
x
)
to
e
n
a
b
l
e
c
o
m
p
a
r
i
s
o
n
of
r
a
t
e
s
w
i
t
h
o
t
h
e
r
s
t
u
d
i
e
s
.
D
e
n
i
t
r
i
f
i
c
a
t
i
o
n
i
s
m
u
c
h
h
a
r
d
e
r
t
o
a
s
s
e
s
s
o
v
e
r
a
p
e
r
i
o
d
o
f
a
y
e
a
r
b
e
c
a
u
s
e
of
t
h
e
r
a
t
h
e
r
s
p
e
c
i
a
l
c
o
n
d
i
t
i
o
n
s
r
e
q
u
i
r
e
d
fo
r
t
h
i
s
p
r
o
c
e
s
s
to
p
r
o
c
e
e
d
.
A
n
a
e
r
o
b
i
c
c
o
n
d
i
t
i
o
n
s
(
w
h
e
t
h
e
r
i
n
g
e
n
e
r
a
l
o
r
i
n
m
i
c
r
o
s
i
t
e
s
)
,
w
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c
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n
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p
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d
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i
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ra
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at
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re
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which is then vulnerable to leaching.
Denitrification is one process
of
depleting
excess NO§-N
but
requires
rather
specific
environmental
conditions.
RELATIONSHIP OF PROJECT RESULTS TO PLUARG OBJECTIVES
This project,
of itself, does not answer the questions — From what
sources and from what
causes are pollutants contributed to ground
water?
Its contribution is an input that is to be used in relation to field
plot studies,
in order to assist the mathematical simulation of N
transport and movement.
The results do show the potential importance of
biological transformations in the soil in leaching NOE—N to the ground
water.
All soils studied have a high potential to convert NH4-N into
N03—N, hence, any fertilizer without a nitrification inhibitor will quickly
be converted into the mobile form.
The rates of net mineralization,
denitrification and plant uptake relative to one another over the entire
biologically active season (spring, summer, fall) are important in control—
ling the amount of NO§—N present in surface soils that can be moved downward.
The very large pool of N in the organic fraction of surface soils is
potentially vulnerable to leaching after mineralization—nitrification and
any management practice (eg. fallowing, type of cultivation, etc.) that
increases the rate of mineralization enhances the NOE-N pollution potential.
Fertilizer and soil mineralized N are two sources of N for plant growth and
N fertilization must consider the amount of N that will be made available
from soil organic N due to mineralization. Mineralizable N is generally
higher in fine—textured, high organic matter soils, hence fertilization
should be lower.
Uptake of N by plants appears to change over the season
(i.e. high initially, then lower, then increasing as flowering and seed
set progress) but N mineralization could remain constant, hence the match
of rate of these processes are important in potential NOE—N loss.
Incor—
poration of N containing organic amendments (straw residue, manure, sewage
sludge) must be Viewed in the long term (several years) since initially
they may increase the soil org. N pool, and later be released by minerali-
zation.
Management practices should be viewed in the long term using
these amendments. Denitrification is potentially a source of NOj-N loss
but specific environmental conditions are required.
This process can be
beneficial to strip away excess NO§-N, but must also be considered in
terms of the economics to plant production.
The remaining questions i.e. contribution to seasonal loadings and
transmission to boundary waters, can not be addressed without knowledge
of other projects, e.g. plot experiments and ground water studies.
SUPPLEMENTARY INFORMATION
If farm cultivation practices contribute to N pollution, one must be
careful to isolate the exact cause. One must evaluate whether cultivation
or fertilizer application is the culprit. Cultivation may accelerate N
mineralization of the large soil N pool. Organic amendments must be con—
sidered in the long term, since immobilization may be important in the first
year, but mineralization may be important in the next few years. A soil
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Meaning of computer abbreviations for Tables 3, 5, 7, ll and 12
PL = Plot number
DP : depth number (see p. 2 - Sample Code Designation)
SOL = abbreviated description of soil type:
S = sand, C = clay
TMP = temperature in 0C
WC = water content in Z oven dry weight (30% and 75% of field capacity,
(see p. 6)
TRT = treatment of N (see description of Incubation Systems for details
Pp 3-4)
AVER = average
SOL
NH4
=
dilute
CaC12
extractable
NH4—N
EX
NH4
=
exchangeable
NH4-N
(see
p.
3)
TOTAL
N
=
total
extractable
inorganic
N
RN-l4
nitrification
rate
coefficient
to
day 14
RN-Zl
nitrification
rate
coefficient
to
day
21
RN-AVE = nitrification rate coefficient averaged for 0-14 and 14—21 day
periods (see p. 6)
MIN
RATE
=
mineralization
rate
RD—2
denitrification
rate
coefficient
to
day
2
RD—S
denitrification
rate
coefficient
to
day
5
RD—AVE
=
denitrification
rate
coefficients
averaged
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DAV RANGE AVER
0
0
.
9
3
7
.
6
1
0
2
.
5
3
7
.
1
21 3.7 19.6
0 1.7 51.0
1
0
2
.
0
0
9
.
9
21 3.6 53.6
0 0.0 01.8
10 1.0 101.5
21 0.0 103.0
0 8.5 57.6
10 11.0 182.5
21 7.0 199.5
0 3.1 30.6
10 1.8 35.0
21 1.3 30.8
0 1.0 01.0
10 13.0 00.1
21 7.9 37.8
0 0.9 36.6
10 1.5 07.8
21 1.7 09.8
0 12.0 02.7
10 0.7 59.8
21 1.9 57.6
0 3.1 30.6
10 1.2 37.7
21 1.6 36.0
0 1.0 01.0
10 11.1 01.1
21 3.3 50.8
0 0.9 36.6
10 0.0 57.3
21 0.0 61.3
0 12,0 02.7
10 21.0 128.5
21 22.0 129.0
0 3.1 30.6
10 . 0.6 00.3
21 1.1 03.3
0 1.0 01.0
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21 1.8 73.0
0 12.0 02.7
10 5.0 137.5
21 3.0 139.5
0 2.0 60.6
1
0
6
.
1
6
3
.
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0 12.9. 67.1
10 7.3 69.1
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10 2.7 79.9
21 3.5 83.0
o 0.8 69.9
10 2.0 89,6
21 0.1 88.1
0 2.0 60.6
10 0.0 67.3
21 2.1 70.1
0 12.9 67.1
10 9.7 68.5
21 11.9 68.1
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10 1.9 95.8
21 32.2 100.9
0 ,o.6 69.9
10 07.0 167.5
21 6.0 185.0
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201.1
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53.3
130.0
100.5
137.7
39.5
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37.2
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57.9
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152.5
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75.2
90.3
92.9
166.6
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(67.2
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157.1
100.7
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75.2
96.5
107.1
166.6
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Table 4
Recovery of added NHZ—N (80ug N/g) from soil profiles
representing watersheds #l, 5 and 13
Z Recovery of original NHZfN applied
Depth
(cm)
Sandy
loam
(2)
Clay
(5)
N—5/l
N—5/2
N—5/3
N-5/4
N-5/5
0—10 94 89
79 98 106 98 84
10—20 98 89
20—30 98 68
30—45 103 52
45—60 102 44
60—75 108 33
75-90 106 49
 
u
v
u
\
-
.
u
—
~
r
-
1
-
w
-
v
—
v
—
-
r
—
-
r
—
~
w
~
r
"
V
h
V
—
‘
W
P
‘
V
'
-
v
r
v
r
-
w
V
.
e
“
‘
h
v
v
‘
“
!
'
r
‘
Y
’
w
—
V
-
"
w
-
v
'
r
m
o
,
u
i
-
M
D
~
\
-
v
-
'
-
'
‘
D
.
.
.
.
.
.
_
.
.
.
.
.
.
.
.
.
.
.
»
.
.
.
-
_
.
r
-
V
N
r
u
N
N
N
N
N
N
N
N
N
N
M
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
I
!
M
N
N
N
N
N
N
N
N
N
N
I
U
N
P
J
N
Y
‘
J
N
N
N
N
N
N
M
N
N
N
H
r
.
-
.
,
.
.
,
,
ﬁ
,
V
W
:
«
w
—
«
r
—
V
W
‘
-
I
‘
~
r
’
v
—
w
—
v
—
m
a
~
o
~
v
-
Y
‘
v
~
"
w
r
w
v
5
"
V
'
"
'
W
“
A
!
4
:
w
i
n
-
a
b
1
:
‘
1
p
1
1
1
1
1
1
2
P
2
2
2
2
m
m
m
»
.
.
.
.
.
.
—
—
‘
w
m
m
m
m
m
w
m
m
m
m
m
m
m
w
m
m
m
w
m
w
m
m
m
I
u
m
m
m
w
m
m
m
m
m
w
m
m
m
w
w
m
m
m
m
m
m
m
m
m
w
m
m
w
m
'
SOL TM? “C
Table 5
TRT
u 2.87 80
u 7.19 A0
15 2.87 80
15 7.19 60
30 2.87 80
30 7.19 80
a 2.60 30
u 0.50 00
15 2.60 80
15 6.50 60
30 2.60 80
30 6.50 80
a 3.05 80
a 8.63 80
15 3.uS 80
15 6.63 80
30 3,45 80
30 6.03 80
u 3.02 80
a 8.55 80
1S 3.“2 an
15 8.55 00
30 3.02 80
30 0.55 00
u 7.00 so
u 7.34 80
15 2.9M 60
15 7,30 00
30 2.90 60
30 7.30 80
u 2.91 00
u 7.28 80
15 2.91 80
15 7.28 80
30 2.91 80
30 7,28 80
u 2.81 80
a 7.00 80
15 2.61 80
15 7,00 80
30 2.81 80
30 7,00 80
u 2.26 80
U 5.5? 80
18 2.20 80
15 5.59 80
30 2.26 80
30 5.59 80
a 1.00 60
a 3.61 80
15 1,06 60
15 3.61 80
30 1.uu 80
30 3.01 00
a 1.26 50
u 3.10 80
15 1.26 80
15 3.10 80
30 1.26 60
30 3,10 60
a 1.22 80
a 3.05 50
15 1.22 80
15 3.05 80
30 1.22 60
80
3.05
Rate
coefficients
of
nitrification
of
soils
from
3
watersheds
00-10
00-21
00-1ve
PL
0?
80
-0,000
-0.000
-0.005
3
1
5
—0,001
-0.002
-0.001
3
1
3
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-0.002
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3
1
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3
1
5
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3
1
3
0,013
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3
1
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2
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Table 8
Correlation of rate of N mineralization values with
environmental and soil factors of incubated watershed
surface soil samples
Correlation Coefficient
 
Brookston Berrien
Factor Clay Sandy Loam N-S
ZC 0.25 0.09 0.30
ZN 0.24 0.12 0.30
pH —0.22 0.00 -0.30
Fixed NHA‘ 0.24 0.03 0.30
Glucose-C 0.08 0.15 0.30
:
Temp.
0.30
0.16
0.37
E
H20
0.73
0.37
0.85
E
Temp. x H20
QLZ§_
QL§§_
QL§§
y
a
Multiple
0.90
0.58
—--
-
y
w
[
r
u
n
-
r
u
n
.
5
.
.
.
.
-
.
_
 
 “
M
M
”
_ 41 _
Table 9 Total surface nitrogen and yearly N mineralized assuming
1% of the total N is mineralized/year
N mineralized/year
Soil ng/ha ng/ha pgN/g
Berrien sandy 2,466 25 9.6
Loam
Brookston clay 6,726 67 26.5
N—5/1 16,591 166 37.0
N—5/2 10,762 108 24.0
N—5/3 13,452 135 30.0
N—5/4 14,797 148 33.0
N-5/5 5,829 58 13.0
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APPENDIX
Rates of gaseous loss, mineralization and plant uptake of
nitrogen in soil systems: A Literature Review.
 
 
 Rates of gaseous loss, mineralization and plant uptake of nitrogen
in soil systems:
A literature review.
C. Grant Kowalenko, S.R.I.
The purpose of this review is to present the extent of knowledge
of the rate of processes that are important in the nitrogen economy
of soils, particularly under field conditions.
Some mention will be
given to factors effecting these rates, but most of the effort is
directed toward presenting a range of the rates of these processes.
It will be seen that very few reports deal directly with the measurement
of rates, especially under field conditions and much of the information
is derived from literature dealing with other aspects.
An attempt is
made to present a unified term for the rate, but this is not always
possible. The term chosen was kg/ha/day.
GASEOUS LOSS OF N
Several mechanisms have been shown as being possible for the loss
of N from the soil system.
These include volatilization as NH , bio-
logical denitrification, chemical decomposition of oxidized inorganic
N forms and gaseous leakage during nitrification and plant growth.
Only the first two mechanisms will be considered in terms of rates of
loss and the later two will be discussed briefly in terms of what is
known of the mechanisms.
(1) Chemical decomposition of oxidized inorganic N forms
 
The term chemical decomposition of oxidized inorganic N is used to
distinguish this chemical mechanism from NH volatilization. There has
been considerable recurring interest in possible losses of nitrogen
from soils and mechanisms have been discussed (Broadbent and Clark, 1965;
Reuss and Smith, 1965; Allison, 1966; Woldendorp, 1968; Chao, 1967;
Bremner and Nelson, 1968; Nelson and Bremner, 1969, 1970; Nommik and
Thorin, 1972; Bollag et al., 1973; Van Clumput and Baert, 1976). Most
of the processes require fairly specific conditions before they proceed
(eg) low pH and/or significant concentrations of NO . Agricultural
soils are not always acidic nor have significant concentrations of
nitrite been detected, however, certain agricultural practices such
as band fertilization may result in lowering soil pH and formation of
high nitrite concentrations in localized areas (Pang et al., l975a,b)
which could result in chemical decomposition involving nitrite. Although
mechanisms and conditions of chemical decomposition of oxidized forms
of inorganic nitrogen have been clearly shown, the quantitative significance
of this loss mechanism has not been shown in field situations. Without
quantitative measurements, rates can not be estimated.
(2) GaseOus "leakage" during nitrification and plant growth
Gaseous losses of nitrogen as nitrous oxide has been shown to
occur during nitrification (Yoshida and Alexander, 1970). It can be
argued that conditions required to produce significant amounts of nitrous
oxide are not usually present in soils, however, localized situations
such as during fertilization may encourage the process.
The study referred
to examined only one species of Nitrosomonas in culture systems, and
more extensive studies of different organisms and in soil situations
are needed to show the quantitative significance in soil systems.
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1973) experiments serve to illustrate the point. In order to have a
comparable rate term throughout the discussion, the term kg NH —N
lost/ha/day is used. However, the interval overwhich this loss is
measured will influence the rate expressed on a per day measurement.
Suppose ammonium volatilization occurs very rapidly in the first few
hours of the measurement duration of a day, then decreases to negligible
amounts for the remainder of the day, the maximum instantaneous rate
of loss may be very large at first and negligible later on. Calculation
of the rate of loss on a per day basis over that day of measurement
then, is really an average rate over that period of time that measurement
is made. For this reason, the time interval of the measurement of NH3
loss and subsequent average rate per day calculation is given.
Table 1 gives ratesof NH loss under a variety of conditions
and rates vary from O—lO.8 kg N/ha/day. When considering a particular
soil situation each of these factors must beconsidered in terms of
their effect on the rate of NH loss. Mills et al. (1974) showed
similar results using NH Cl instead of urea and several pH ranges.
Besides pH, they superimposed plant growth, which in general reduced
the amount of NH lost when compared to a fallow system. This is
prob
ably
beca
use
the
plan
t ta
kes
up N
H —N
, re
duci
ng t
he a
moun
t av
aila
ble
for volatilization. Chao and Kroontje (1964) showed that as water
evaporated from a soil in a flow through system, the rate of NH3 loss
increased. They presentedthe equation
N/t = atb
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N/t
= p
pm
NH
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r,
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hrs
& a
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nts
to
sho
w t
he
effe
ct o
f wa
ter
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a and b constants were 48.43 and —0.6819, and 10.43 and -0.3714 for
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The constants were different for each soil.
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y w
ent
on to discuss tﬁe limitations of applying their study to field conditions.
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from soil. Urea is readily converted to NH4+ which in turn is readily
available for volatilization. Table 3 shows several studies where the
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Table 1. Rate of NH3 loss from soils treated with urea under a
variety of laboratory conditions
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t
A
p
p
l
l
c
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t
l
o
n
D
a
y
s
Of
R
a
t
e
of
N
H
3
l
o
s
t
(kg N/ha) test (kg N/ha/day)
le: 7.5 120 10 6.0
6.0 " " 2.0
5.0 " " 1.1
o 1
Temperature ( C) :
35 120 11 2.6
15 H H 1.1
H H
l 7 0.6
Depth :
Surface 120 13 1.5
3.8 cm " " 0.5
Initial moisture (Z)
A1 37.5 120 14 1.7
21 " " 1.0
2 l " " £31 0.3 311
B
30
300
10
1.4
9.8
20 " " 8.8 10.8
10 " " 0.6 4.4
5 " " 0.03 0.3
App
lic
ati
on2
300
28
3.4
150 " 1.2
50 " 0.2
0 " 0
lEarnest and Massey, 1960
2Kresge and Satchell, 1960
 
 ‘Table 2. Rate of NH3 loss from limed and unlimed Ontario soils
incubated for 67 days1
Rate of NH3 loss
8011 CaCO3 treatment kg N/ha/day
Vaudreuil (s) 0 0.03
pH 7 0.25
10% 0.18
St. Thomas (s) 0 0.03
pH 7 0.08
10% 0.42
Haldimand (c) 0 0.02
pH 7 0.05
10% 0.07
lKowalenko, C.G., unpublished results
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Fenn and NH4F 550 4 89
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"
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3
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"
"
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NH4N03 " " 21+
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14
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197
6
(NH
4)Z
SO4
”
"
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soul—3o " " 4
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—20
"
"
1
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&
Eﬁ4
N03
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§1_
Ell
Sat
che
ll,
0/1
00
354
11
25
26
196
0
45/
55
286
"
7
8
70/
30
241
”
4
3
lSulfur coated urea
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form of the fertilizer was examined in terms of loss of NH . In each
case, this has been directed toward surface application and very high
rates of loss can occur. Again, one should realize that the values
are average rates over the interval of the measurements, hence the
instantaneous maximum rate of NH3 loss can be exceedingly high.
Very few reports show data for field experiments of NH loss.
This is probably because current field methods applied stil introduce
an artificial situation (eg. absorption systems require a canopy) or
measurement of NH4+ remaining in a system may include other types of
loss. Table 4 shows results of three field experiments, which shows
the possible losses. The results show the importance of large instan-
taneous losses from particular fertilizer practices.
This review of rates of the process of NH volatilization shows
that most of the studies have been concerned with a particular fertilizer
practice (surface application). With this practice, very large quick
losses of NH can occur. 0n the other hand, small but continuous
losses may be possible, but have not been considered to any great
extent. It appears safe to assume that intimately mixed NH4+ at
moderate application rates results in small, almost insignificant,
losses which may or may not be continuous (eg. Hooker et al., 1973 —
Table 4; Stefanson, 1972). Another area of potentially large NH
losses is from manure application (see Lauer at al., 1976) but tﬁe
diversity of materials and methods of application makes it difficult
to relate one study to the other.
(4) Biological denitrification
 
A large amount of work has been done on biological denitrification
but most of it has been laboratory oriented. A number of soil and
environmental factors have been shown to influence the rate of the
process (Table 5). The results presented have been calculated on a
per day basis to allow comparison from one study to the other. An
exceedingly wide range of rates of denitrification is evident and
this is probably due in large measure to the experimental set up rather
than differences in soils used. In most cases shown in the table,
conditions were such that denitrification was promoted (eg) addition
of a high energy carbon SOurce, anaerobic atmosphere, etc. This was
usually done to facilitate the measurements. Each study had specific
conditions, therefore comparison frOm one reference to the other must
take these differences into account. Values within a particular
study are comparable, therefore, the table should show the effect a
particular factor has on the rate of the process. It is evident from
the table that two different units are used for the rate and this is
due to the authors' view of the process. A good example for the two
approaches for rate calculation is shown by Stanford et al. (1975b)
wher
e ze
ro a
nd f
irst
orde
r re
acti
on a
ppro
ache
s ar
e ca
lcul
ated
and
disc
usse
d.
This study even suggests a second order reaction in certain cases. A
valuable discussion on denitrification kinetics by Kohl et a1. (1976)
shows the limitations of good fits of data to mathematical forms. They
point out that the mathematical forms may be useful for certain uses
(eg) modelling activities but do not prove anything about the reaction
mechanism. The report of Sandhu and Moraghan (1972) shows the effect
measurement time (even very short time) has on the rate of denitrification,
where the rate can vary from 0—99 pg N/g soil/day. Numerous other
 '
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Table 4. Rate of NH3 loss from field systems
Application Duration of Rate of NH loss
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nce
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a)
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a?d
ay)
Makarov, Urea variable variable 0—l.05
1960 short term
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ari
ty
Ure
a
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s
7.6
8 (
max)
and
24
hr.
2.4
(max
)
Raj
ara
tna
m
14
day
s
0.0
3 (
ave)
1973
Hooker Plowing - 160 days 0.006
at al., of
1973 native sods
;
l
,
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studies have been done on denitrification but most of these have
insufficient information for rate calculation. A new laboratory
approach which may have great potential in measuring denitrification
rates bears consideration for the future (Bolderston et a1., 1976;
Yoshinari and Knowles, 1976). The technique enables measurement of
N 0 as the gaseous product by blocking N20 reduction with acetylene.
Considerable examination of this technique is required before application.
A laboratory technique which extends denitrification measurements
to soil—plant systems has been used to determine the effect of a number
of factorSgon the process (Table 6). This system would not distinguish
between gaseous losses from the soil and that from the plant. The
previous discussion on plant N suggested that most losses occur during
maturity. The35—40 day experimental did not extend into this apparently
critical stage of plant growth for N losses, therefore most of the
denitrification would be a result of the soil. The experiments in the
majority of cases showed that plants stimulated denitrification. This
cannot be compared with a fallow vs cropped condition in the field
because in the field situation the fallow would have a different moisture
status than a cropped system due to transpiration. The laboratory
studies reported in the table would have the moisture contents adjusted
to the same percentage.
A number of workers have used another laboratory approach to
simulate some field conditions by using continuous flow soil columns
(Table 7). Most of these workers have applied zero or first order
reaction calculations to examine the rate of the process hence the units
are not uniform. McLaren (1976) suggests that microbial numbers be
taken into account when calculating rate constants. The diversity
of factors which may influence the rate in this experimental system
is very large and this makes it difficult to relate the rate constants
to field situations. Volz et a1. (1974) have made an attempt to apply
this approach to a particular field situation.
 
Very few measurements of denitrification in the field have been
done because of the analytical problems associated with it. The few
results available (Table 8) suggest lower rates than what might be
considered from laboratory incubations (Table 1). Similar comments
can be made on field measurements as on laboratory measurements (ie)
the length of the measurement period can be an important factor in
calculating the rate. Two possibilities exist for denitrification
namely (1) short bursts of denitrification involving high rates and
(2) moderate to small losses over an extended period. In both cases,
measurement of the rate of the prbcess is very difficult and no method
is entirely satisfactory. It should also be noted that measurement
of N20 flux from a soil (see Table 8) only measures one of the gaseous
products of the process, therefore values calculated are probably
underestimated.
the gases evolved is through N balance methods. With the advent of
isotope methods, N balances can be done with muchgreater accuracy
than relying on non-isotope methods. A large number of 15N balance
studies are reported, most of which are laboratory or greenhouse
studies. Table 9 displays a number of the balance studies done out
in the field using 15N. These results show a range of 0—1.43 kg N lost/
An alternative of measuring denitrification losses by analysing
ha/day. It must be noted that some studies eg. Shields et al. (1973)
dL¥——
 Table 5. Laboratory incubation studies showing the effect of a variety of
factors on rate of denitrification
 
Rate of denitrification
Factor Condition Average Range Unit Reference
Temperature 30 149 60-257 ugN/g/day Cooper &
(0C) 25 106 86-132 " Smith,
20 77 60-98 " 1963
35 2.98 2.17-3.79 day-1
15 0.70 0.45-0.54 " Stanford
5 0.04 .0.03-0.03 " et al 1975c
Application 270 8.4 0—32.1 ugN/g/day ..
rate 143 9. 3 0—55 . 7 "
(ugNO3-N/g 78 18.9 0—48.0 " 1954 ’
soil) 48 22.9 0-32.2 "
300 257 - ugN/g/day Cooper &
150 226 — " Smith, 1963
75 226 - "
37.5 158 - ”
pH 8.0 — 0-12 ugN/g/day .Focht,
6.0 - 0-6 " }1974
4.35
-
0-3.5
”
Aerobic- Aerobic Anaerobic
anaerobic
cycler 2 2 1.77 — pgN/g/day
(total of 4 4 1.66 - "
128 days) 8 8 1.56 — " Reddy &
16 16 1.45 - " Patrick,
32 32 1.31 - " 1975
64 64 1.00 - "
128 - 0.50 - "
- 1280 0.04 - "
Soil type 7 soils — 38—91 " Khan & Moore, 1968
17 " 19.6 2—55 " Burford & Bremner, 1975
6 " 0.38 0.07—0.91 day-1 } Stanford et a1., 1975a
30 " 13.75 1.87—25.0 "
30 " 0.37 0.0264-0.9 pgN/g/day Stanford et al., 1975b
Glucose o 0.13 0.04—0.24 day-1 gStanford et a1.,
(mgC/g soil) 0.3 0.70 0.54-0.86 " 1975c
(15°C) ‘
Cropping Fallow 50 - pgN/g/day Bailey, 1976
(15°C) Crop 82 — "
Sample depth 0-25cm 0.15 0.09-0.23 " Dubey and
25-50cm 0.01 0-0.02 " gFox, 1974
50-125cm 0 0 "
Hr. of
0—4
44
30-60
"
Sandhu and
incubation
4-8
28
12—48
"
Moraghan, 1972
8-24 62 23-99 "
24-48 29 15-50 "
48-96 4 0-10
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Sealed growth chamber studies of denitrification in a
Table 6.
soil—plant (Triticum aestivum) system at 20C constant
temperature
Rate of denitrification
Factor Condition (ng/ha/day)1 Reference
Average Range
Moisture’
8—36Z
2.94
0.15-7.09
Stefanson &
content 16-24% 1.69 0—6.05 Greenland,
28-36% 7.26 0-28.0 1970
Vegetation Fallow 1.80 0.10-6.96 Stefanson,
Cropped 2.11 0.15-7.15 1972a
N source N03 2.08 0.76-5.02 Stefanson,
NH4 0.94 0.54—3.67 1972b
Sample Undisturbed 0.40 0.25—1.61 Stefanson,
Disturbed 0.60 0.47—1.97 1972c
Soil Pasture 1.97 0.77—4.76 Stefanson,
Cultivated 0.93 0.24—1.70 1973
Fertilizer 5 cm 1.35 0.45-2.24 Stefanson
depth 15 cm 1.35 0.87—2.02 1976 ’
25 cm 1.35 0.67—2.24
lExperimental period between 35—40 days
 
 Table 7. Denitrification from continuous flow
soil
1
columns
Other
Temperature (0C)
Conditions
Average Range
Units Refer
ence
20
2 sequent
ial runs
0.0024
ambi
ent
atmo
sphe
re
0.00
2
"
0.5
% 0
2
0.0
19
"
5% 0
2
0.00
1
"
20% 0
2
0.003
5
0.5%
02
0.03
5
"
5%
02
0.0
4
"
20% 0
2
0.045
22
zero
order
calc.
0.056
perfu
sion
"
100 pp
m N03
after
vari
ous
cond
itio
n— 0
.2
ing
0.003—0.0017
0.003-0.05
0.001
—0.00
8
1.2—2.3x10-5
u
a
N
/
g
/
h
r
ppm/h
r cm—
3
u gN/g/hr
Starr gt al, 1974
Misra
§£_al,
l974a,b
Doner et
al, 1974
Ardaka
ni et
al,
1975
Doner
, 19
75
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Soils
were
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81 or
Colum
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sil.
Table
8. Estimations of gaseous N loss from field systems
 
Method
Soil
Rate of
denitrification
(ng/ha/day)
Reference
N20
flux
measurement
Gas
measurements
N
balance
N20
flux measurement
N03
changes
in
ponded
soil
N20 and 15N2 flux measurement
Urrbrae
(fsl)
Chernozem &
Day time
Podzol
Entire
day
Chernozen
Podzol
Chern
ozem
Podzol
Permanent pasture
Pasture
cropped
Cultivated cropped
B horizon
Hanford (56) Aug 2—7
7—9
9—13
13—15
Yolo
(1)
0.01-0.09
0.0004—0.0065
0.0004-0.0215
0.0076
0.0029
0.6
95
0.363
0.0
10
0
.
2
8
0.26
0.008—0.024
1.45
2.47
0.70
2.31
0—12
Burford & Millington, 1968
1
Borisova et a1, 1972
Burford and Stefanson, 1973
Volz et al, 1975a
x
i
i
i
Rolston et a1, 1976
lMeasurements during June through August
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Lon
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met
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s w
ill
inc
lud
e
both soil and fertilizer N. Allison (1955; 1965) and Kundler (1970)
reviewed the literature available on N balance sheets and concluded
that 5—302 (average 15%) of the nitrogen in a soil system is lost,
most
like
ly d
ue t
o de
nitr
ific
atio
n.
Tabl
e 10
summ
ariz
ed t
he i
nfor
mati
on
available on rates of denitrification from Allison's review. The
author of the review discussed the limitations of such an approach.
Other balance sheets are probably available since this review, but
considering the limitations of the method little additional information
can be added. Two specific cases of rates that can be calculated
from non—isotope balance sheets suggest very high rates of denitrification
(eg) minimum of 3.9 and 717 kg N lost /ha/day from Wallingford et al
(1974) and Avorimelech and Ravek (194) reports, respectively. These
are cases where large losses of N by denitrification would be expected.
In conclusion, one can see that although considerable work has
been done on denitrification and other gaseous N losses most studies
have considered the process from a qualitative rather than quantitative
aspect. Rates shown in the tables were largely calculated from the
data provided in the report. Many other reports did not have sufficient
information to make rate calculations. The comments in the text showed
limitations of available data (eg) timing of measurement especially,
and if this area is to be understood more fully then experiments
designed with this specifically in mind must be done.
MINERALIZATION
Mineralization of soil nitrogen is the conversion of organic
nitrogen to inorganic nitrogen. The first inorganic N compound formed
is NH4+—N, but in most soils nitrification (oxidation of NH4iN to Nog-N)
proceeds very rapidly such that NH4+—N does not accumulate. The result
then is decrease of the organic N with a corresponding increase in
N0§-N rather than ammonium. The term ammonification is often used
as the conversion of organic N to NH4+-N and nitrification is used for
the further oxidation of NH4+—N. Mineralization is used synonymous
to ammonification in some of the literature but often is used as a
term including ammonification and nitrification. In this discussion
mineralization is used as the term for formation of inorganic N from
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the organic N which may or may not be further oxidized. It should
also be remembered the inorganic N can be converted to organic N
(immobilization concurrent to mineralization) therefore measure-
ments of inorganic N changes are usually values for the net effect
of these processes.
Similar to denitrification, mineralization is difficult to quantify,
not only because changes of inorganic N are a net result of mineralization
and immobilization but other gains (N fixation, precipitation, etc.)
and losses (denitrification, volatilization, leaching, etc.) must also
be considered. In a plant system, it is almost impossible to separate
the contribution of mineralized soil N from N extracted from deep in
the profile to plant N. It is for this reason that considerably
more information is available from laboratory than from field studies.
Since almost all of the N in soil is organically bound and since
plants are not able to absorb significant amounts, mineralization
is an important process in soil—plant systems. In order to assess the
adequacy of the soil to supply N to a crop, the initial level of inorganic
N and the rate of mineralization have to be considered. The most difficult
part of this exercise is to determine the rate of mineralization.
There has been an early and continuing interest in incubation systems
which give information on mineralization rates (Harmsen and van Schreven,
1955; Bremner, 1965; Keeney and Bremner, 1966, a, b 1967). There have
been many variations of the incubations with some attempts to simplify
the procedure by forming a chemical test (Jenkinson, 1968). A major
problem associated with this procedure is relating the mineralization
rate to field conditions. More recently this concept has been pursued
at greater depth with modifications to take into consideration temperature
(Stanford et a1., 1973a, 1975), moisture content (Stanford and Epstein,
1974) and length of incubation (Stanford et a1., 1974 besides soil
effects (Stanford and Smith, 1972). These values have also been related
to plant growth (Stanford et a1., 1973b). Table 11 shows results of
this type from several studies. Comparisons are difficult because of
differences in incubation methods, duration of test, type of storage,
etc. Use of this test has gained various responses in application
to fertility assessment. In Ontario, for example, an incubation
system pioneered by Eagle and Matthews (1958) was eventually abandoned
because of lack of confidence. It is also difficult to relate these
incubation rates to rates that occur in the field. Values obtained
in this way are usually high with short term incubations in the laboratory
often relating to mineralization throughout an entire growing season
(Harnsen and van Schreven, 1955). Mineralization potentials give
relative rather than actual N—supplying capacities of soils (Stanford,
1973).
Simplicity is an important factor in choosing a method of evaluating
mineralization potentials of soils, therefore, short incubations under
constant moisture content and temperature are desirable. However,
comparison with field observations have suggested that field situations
are much more complex. Laboratory studies have shown that environmental
fact
ors
such
as f
reez
ing-
thaw
ing,
wett
ing-
dryi
ng,
part
ial
ster
iliz
atio
n,
fluctuating temperatures and moisture-temperature interactions (Mack,
1963; Agarwal et a1., 1971; Biederbeck and Campbell, 1973; Shields
’et
a1.,
1974
; Ko
wale
nko
and
Came
ron,
1976
) an
d so
il f
acto
rs s
uch
as p
H,
¥#_—_______
Table 9.
xvi
Denitrification rate calculated from
under field conditions
 
15N balance study
Rate of
Duration denitrification
Crop (days) (ng/ha/day) Reference
Corn 730 0.07—0.161 Owens, 1960
Corn 56 0.48 Firth et a1., 1973
84 0.49
Oats Assume 100 0.16-0.20 Zamyatina et al., 1968
" " " 0.16—0.50 Zamyatina, 1971
" " " 0.17 Koren'kov et a1, 1975
Wheat Assume 120 0.03—0.33 Myers & Paul, 1971
Wheat 0—28 0
28—70 0.16
70—105 0.47
0—105 0.22 Craswell & Martin, 1975
Fallow 0—28 0
28—70 0.40
70—105 0.21
0-105 0.22
Barley 0—85 0.48
Fallow 0-43 0.63
43-85 0.75 Kowalenko (unpublished
85—159 0.09 data)
159—316 0.152
316—511 0.062
Sorghum 142 0.06—0.30 Westerman et al, 1972
" 58 0.41 Kissel et a1, 1976
149 0.13
Sudan grass 56 0.24—0.72 Carter et a1, 1967
70 1.102
Pasture
- autumn fertilization 0-28 0—1.434
0—84 0.06—0.47 Simpson, 1968
- winter fertilization 0—28 0.02-0.88
0—84 0.03-0.53
Pasture
- prairie-like soil 56 0.34
- solodic " 301 0.002 Vallis et a1, 1973
- yellow & gleyed 56 0.002
podzolic soil
Rate increased with increasing level of irrigation
2Some evidence of leaching losses
3Rate increased with increasing rate of fertilization
4High rate of loss may include volatilization of NH3
 Table 10. Denitrification rate from long term balance sheets
(Allison, 1955)
Duration Number of N not accounted for (ng/ha/yr)
Place
(yrs)
treatments
Range
Average
I Lysimeter experiments
Ithica, NY 15 2 45—49 47
" " 8 4 4—50 24
Geneva, NY 16 2 1 12—52 321
Windsor, Conn. 10 11 [~12] 8—72 24
Riverside, Calif. 15 6 1-36 24
II Field experiments 1
Rothemsted, Eng. 60 a [+2] 4-160 55
New Brunswick, NJ 40 10 49—87 66
Overall range 1—160
ng/ha/day 0.003-0.44
lNet gain of N
Average included net gain
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nitrogen
and
carbon fractions
etc.
(Haque
& Walmsley,
1972;
Dancer
25 31.,
1973;
Mundra §£_a1,,
1973;
Cornfield,
1952;
Cornforth,
1971)
can
influence
mineralization
rates.
Carbon
amendments
will
alter
the balance
of mineralization-immobilization
(Black and Ritz,
1972;
Ahmad
g£_al.,
1972,
1973),
which
is
a
very
important
consideration
in
systems
cultivating
straw or other
organic
residue
into
the soil.
The
nature
of
the
organic
material,
particularly
the
C/N
ratio
is
critical
in the mineralization—immobilization
balance.
Ordinary
chemical
methods
can only measure
the net
result
of mineralization—
immobilization processes,
but
tracer
techniques have
the
advantage
of distinguishing more clearly the relative importance of the two
opposing transformations.
A variety of laboratory studies using
tracer techniques have greatly added to our understanding of these
processes (Hiltbold 35 a1., 1950; Janson,
1958; Broadbent,
1966;
Moore and Russell,
1970; Wojcik—Wojtkowiak,
1972; McGill §£_§1.,
1975; Chichester e£_a1., 1975).
Experience with field and laboratory information has resulted
in the generalization that 1 to 3% of the soil N is mineralized during
the growing season (Bremner,1965a,b; Woodruff, 1949; Slater and Green,
1933; Bartholomew and Kirkham,
1960).
This type of information has
limited usefulness when specific cases are being considered and particularly
when rate information is desired for specific reasons or parts thereof.
Table 12 shows estimated average daily rates of mineralization that can
be calculated from field data provided.
It should be remembered the
kind of problems associated with this type of calculation (ie) losses
and gains make a difference as well as the season and length of time
between measurements.
However, the data does show a range between 0
and 3.84 ng released/ha/day.
Tracer techniques, whether using 15N,
Multiple labelling or radio—carbon dating, has and will add greatly
to understanding the dynamics of organic matter degradation in soils
(Clark and Paul, 1970; Shields and Paul, 1973).
Another approach to the consideration of N mineralization is the
effect that cultivation has on organic N. In general, cultivation
results in a decline of the organic nitrogen and in order for the N
to be lost as N03, N must be mineralized. It appears that the cultivation
increases net mineralization — the soil from the virgin equilibrium level
until a new lower equilibrium level has been reached (Bartholomew and Kirkham,
1960; Stevenson, 1965). There has been recurring interest in this aspect
in western«Canada (Alberta Soil Sci. Workshop, 1976; Martel and Paul,
1974; Ferguson and Gorby, 1971; Bishop and Atkinson, 1954; Campbell g£_alj
1975) and few studies in eastern Canada (Ho—Yen.g£.a1., 1954).
More recently, mathematical simulation activities have had to
consider this process and its rate in the soil and many approaches
are possible (Morel, 1970; Dutt g£_al., 1972; Beek and Frissel, 1973;
Hagin and Amberger, 1974; Greenwood et_al,, 1974; Campbell §£_§1.,
1974; Russel, 1975; Parnas, 1975; Slavnina and Pashveva, 1976). These
as yet have theoretical beginning and have yet to be adequately tested
particularly under field conditions.
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Table 12. Average daily rate of mineralization estimated from .
field studies
Duration Mineralization (ng/ha/daﬁ
Location Soil of measure Average Range Reference
New York — 15 yr. 0.12 0.10-0.14
" — 16 " 0.26 0.16—0.36
Connecticut - 10 " 0.03 O-O.11
" — 10 " 0.09 0-0.21 Allison,
California - 15 " 0.26 0.15—0.39 1955
England - 59 " 0.03 0-0.08
New Jersey Limed 40 " 0.12 0.02—0.19
Unlimed 40 " 0.16 0.06—0.21
Saskatchewan Chern. Blk. 191 days 0.41 0.14—0.64 Shields 55 a1, 1973
" " Br. 1 yr. 0.21 — Rennie 33 a1) 1974
S. Ontario Maple woodlot 2 yr. 1.75 3.84-0.64 ,
Pasture " 1.51 — Ellis, 1974
Pine plantation " 0.43 - %
Old—field " 0.56 0.96—0.64 '
E. Ontario Orthic Gleysol 85 days 0.93 0.77-1.10 Kowalenko,
unpublished
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PLANT UPTAKE
Another
very
important
N
process
in
the
nitrogen
cycle
of
soil
systems
in
plant
uptake.
A
great
deal
of
work
has
been
done
on
this
subject
both
from
a
plant
physiological
(Baldwin,
1975;
Baldwin
gt
31,,
1972;
Bassioni,
1972;
Brewster
and
Tinker,
1972;
Clarke
and
Barley,
1968;
Hillel
e£_al,,
1975;
Nielsen,
1972;
Pate,
1973;
Philips
e£_a1,,
1976;
NaNagara
et_§1,,
1976)
and
soil—modelling
(Caassen
and
Barber, 1976; Greenwood_g£_al.,
1974; Seligman gt al.,
1975) orientation.
This
review
is
not
intended
to
cover
all
aspects
of
nitrogen
uptake
rate
but
rather
to
present
sufficient
data
to
get
a
general
picture
of
the
situation.
Emphasis
is
placed
on
field
data
and
on
selected
crops
(ie)
corn,
soybean,
tobacco,
wheat,
rye,
tomato
and
potato
which
were
grown
in
the
plots
involved
in
this
project.
Several
general
comments
can be made
at
the
outset
about
a review
of
this
type.
First,
few
field
studies
have
the
rate
of
N
uptake
as
the
primary
objective
and the
rates
have
been
calculated
from
data
presented.
Many
studies
potentially
have
suitable
data
for
this
calculation except
that one
or two bits of information are not recorded (ie) precise length of time
between samplings, N content of all plant parts,
etc.
The other
prevalent
feature of these reports are that most studies of plant N
in the field do not include the contribution of the roots.
This is
probably because of the extreme difficulty of getting an accurate measure
of the root mass and its N concentration.
Often approximations are
made of the contribution of root N to the total N of the plant
(Viets,
1965; Stanford, 1973).
This review then attempts to show N uptake
rate using data of changes of plant N over specified time intervals.
Many of the studies only include above ground plant parts and if a
true rate is desired, an approximation of plant root N over that period
can be added.
Where possible, references on root N are suggested
and possibly solution culture values may be useful.
(1) Corn
Table 13 shows representative uptake rates of N by corn and the
data shows a relatively wide range of rates and that these rates
can vary depending on the period of growth.
The data in table 13
does not include the nitrogen in the root and if desired the root N
may be estimated by considering root development patterns (Follett
_g£.g1., 1974; Mengel and Barber, 1974; Warnacke and Barber, 1974)
and the Z N in roots at these stages. A management practice that
may influence the uptake on a hectare basis would be planting density
and Table 14 shows results of uptake rate based on a single plant
basis. This shows the rate can vary considerably and at certain
stages of growth there may be a net loss of N (this may be due to
loss of pollen, etc — Viets, 1965).
Not all of the plant N is removed from the soil system upon
harvest and the proportion that remains depends on the management
system. For example, corn may be only grown for the grain and the
stover is worked back into the soil. In that case, about 50—61% of
the above ground plant N will be removed with the grain (Chaudhary
gt a1., 1975) and the remainder becomes part of the soil system. A
much greater amount of N is removed from the system if corn is used
for silage.
  
xxii
Table 13. Average daily rate of N uptake by above ground parts
of corn calculated on a per hectare basis
 
Uptake rate-Av.(range)
Time ng/ha/day Reference
1971 0.93 (0.72—1.13) Chaudhary gt al, 1975
1972 1.04 (0.90—1.16)
June 1 - July 29 1.49 (0.37-2.29) Hanway, 1962
July 1 — Sept 22 0.80 (0.05-1.24)
Unspecified 3.15 Firth g5 El, 1973
 Table 14.
Rate of N uptake by corn calculated on a per plant basis
Uptake rate
Days after seeding
(mgN/plant/day)
Reference
0—12 1
12—19 6
19-26 38
26-33 81
33—40 93
40—47
96
Bar—Yosef
and1
47—54 159 Kafkafi, 1972
54-61 -21
61-68 -46
68—75 11
75-83 -7
83—90 —18
Av. 30
34-49 ‘ 77(52—96)
49-76 47(12-74) NaNagara et a1, 1976
76—97 37(21-46) — '—
34-97 51(32-68)
1970 0-14 (after silking) 31
14-28 " " 17 Beauchamp §£_§1, 19761
1971 0—28 " " 26
1Does not include accumulation of N in roots.
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(2) Potatoes
Ezeta and McCollum (1972) provide a review table of N uptake
rate by t0ps and tubers with a range of 1.7-4.2 kg N/ha/day. Reports
by Soltanpour (1969) and Lorenz et_§1, (1974) suggest lower rates
of uptake, with 0.20—1.25 kg N/ha/day calculated from their data.
In each of these reports the roots were not included hence root development
data and root N concentration are needed to estimate the contribution
of this part to the total plant N (DeRoo and Waggoner, 1961; Ezeta and
McCollum, 1972; Li and Soyre, 1975; Lesczynski and Tanner, 1976).
Unlike corn, a portion of the underground plant part (tuber) is
removed entirely from the soil plant system, hence tuber N is lost
from the field. Tuber N accounts for about 71% of the total N taken
up (Soltanpour, 1969).
(3) Soybeans
It is difficult to know how to approach N uptake rate of soybeans
since they are capable of fixing N by symbiotic process. This means
that part of the N uptake may be from the air as well as from the soil,
when the symbiotic process is proceeding. Table 15 presents uptake
data and although modulated and nonnodulated values are shown, it is
difficult to know the exact distribution of N uptake between soil and
air sources. Eck and Davis (1971), Hanway and Weber (1971a) and Mitchell
and Russell (1971) may be useful references to estimate the contribution
of roots to N uptake rate calculations.
Between 65—89% of the above ground plant-N is seed N at harvest
(Hanway and Weber, 1971b; Ham gt_a1., 1975).
(4) Tobacco A
Table 16 presents data on N uptake rate of tobacco considering
the entire plant.
In a field system, N uptake rate is important from
transplant to harvest.
Planting density may be important in considering
uptake on a hectare basis so uptake rate on a single plant basis is
included.
The results show a wide range — rates dependent on the plants
and environmental/fertilizer conditions as well as stage of growth.
A majority of the above ground plant N is removed at harvest but
about 25% of the plant N will remain as roots (Takahashi,1974 ).
(5) Tomato
There appears to be little work on N uptake by the entire tomato
plant under field conditions probably because of the convenience of
leaf N analysis to determine the nutrient status and greater interest
in greenhouse growth conditions.
Table 17 shows data on N uptake
considering
only above
ground
parts.
More
information
on N
uptake
rate
by
tomatoes
may
be
gathered
from
greenhouse
and
other
non—field
studies
with
suitable
precautions
(Cannell
g£_a1.,
1963;
Ajayi
g£_al.,
1970; Shelton, 1976).
At
harvest
about
61%
of
the
above
ground
plant
N
is
present
in
the
fruit
(Hester,
1938).
'
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Table
15.
Rate of N
uptake by above
ground
parts of
soybean
Rateaof N uptake
(ng/ha/day)
Reference
2.02
Hanway
and
Weber,
1971b.
1.72 (4.9 max.)
Hammond g; gi, 1951
Non nod. Nod.
0.49—2.67
0.68—2.12
Ham 353;,
1975
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Table 16.
Rate of N uptake by tobacco on hectare and single plant basis
Time (days)
Rate of uptake
gN/plant/day
Reference
July 10 — July 24
July 24 — Aug. 7
Aug. 7 — Aug. 21
Aug. 21 — Aug. 28
Aug. 21 — Sept. 6
65 after transplant
93 H II
31-45 after transplant
45—59 " "
II II
II N
0.15 (0.12—0.19)
0.16 (0.05—0.12)
—0.01 (—0.05—0.01)
0.04 and 0.11
0.10 and 0.10
0.17
0.22
ng/ha/dax
Zartman, Phillips &
Atkinson, 1976
Takahashi, 19
Zartman, Phillips &
Leggett, 1976
 
 Table 17.
xxvii
Rate of N uptake by tomato plants (above ground parts)
Uptake rate
Time (days) (gN/plant/day) Reference
30 0.02
60 0.12 Hester, 1938
2Q 0.36
Av 0 16
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(6) Wheat
Table 18 shows the range of daily uptake rate by wheat as effected
by stage of growth and environmental/fertilizer conditions. Most of
the data includes above ground plant parts only, but the report of
McNeal gt al. (1966) supplemented by knowledge of root development ‘
(Troughton, 1962; Welbank_gt.al., 1974) may make the results more
meaningful in terms of the total N uptake.
Wheat grain may account for 72—82% of the above ground plant N
at harvest.
(7) 3E
The rate of N uptake is rather difficult to assess if it is plant
in the fall. This type of planting would result in a long dormant
period over winter wherethe uptake calculation over the growing period
would becomemeaningless. There appears to be little, if any, field
oriented data where Nuptake by fallrye can be calculated. This probably
also reflects the relatively lower economic value of this cereal.
Rumberg and Sneva (1970) have some field data of N uptake but only
in the flowering stage where there was an apparent loss. Their nutrient
solution culture experiment shows 0.013and 0.004 g N uptake/plant/day
for 11 and 23 successive periods.
4 Grain N may account for 29% of the total plant N at harvest.
   
4 .
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Table 18. Rate of N uptake by wheat using only above ground
plant parts and total plant
Uptake rate
 
Time after planting (ng/ha/day) Reference
0-20 1.49
20—33 3.90
33-42 3.71 1
42—54 2.92 McNeal et §_1_, 1966
54—64 0.88 ‘
64—84 0.2
84—94 1.42
0-94 .86
210 .77 Fuehring, 1969
1956-60 .01
1961—65 82 Widdowson and
1966-1970 78 Penny, 1972
June 16 - July 2
July 2 - July 15
July 15 — July 28
July 28 — Aug. 12
Aug. 12 - Aug. 28
0—42
0—70
0—119
H
f
d
k
4
k
d
k
d
c
>
O
I
d
o
H
U
1
\
0
.04
O.58(0.50-0.65)
1.09(O.9l-l.43)
O.87(0.72-0.97)
1
1
1
Spratt, 1974
Craswell and Strong,
1976
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